were performed on intact and spinalized rats anesthetized with urethane and a chloralose. In intact rats, administration of tizanidine (0.1 mg/kg, i.v.) decreased the mono (MSR) and polysynaptic reflex potentials (PSR). Blood pressure was initially elevated and then lowered by tizanidine. Although pretreatments with hexamethonium and phentolamine prevented the tizanidine-induced decrease in blood pressure, the depressant effects of tizanidine on the reflexes remained. The a2-antagonist idazoxan inhibited the tizanidine-induced decrease in spinal reflexes, suggesting that central a2-adrenoceptors are in volved in the depression of the reflexes. In spinalized rats, tizanidine transiently increased the MSR and gradually decreased the PSR. Blood pressure was elevated transiently by tizanidine. Although the hyperten sive effect of tizanidine was inhibited by phentolamine, the effect of tizanidine on the PSR did not change. Prazosin blocked the stimulatory effect of tizanidine on the MSR and caused a rapid decrease of the PSR, suggesting that spinal a,-adrenoceptors are involved in the enhancement of the reflexes. These results sug gest that the depressant effects of tizanidine on spinal reflexes are due to the supraspinal and spinal effects of the drug, and not to changes in blood pressure.
Descending noradrenergic systems in the spinal ventral horn are considered to be mainly facilitatory to spinal motoneurons via a,-adrenoceptors (1). Tizanidine is a cen trally acting muscle relaxant (2, 3) that has a similar struc ture to that of clonidine, a centrally acting hypotensive agent. In non-spinalized rats which have an intact connec tion between the brain and the spinal cord, tizanidine depressed the mono (MSR) and polysynaptic reflexes (PSR) (3) . Since tizanidine is an a2-agonist which can stimulate noradrenergic autoreceptors, tizanidine is sug gested to reduce the activity of descending noradrenergic neurons at the supraspinal level, and consequently inhibit the tonically facilitated state of reflex activity. However, since tizanidine lowers blood pressure in intact rats, it is possible that the effects of tizanidine on spinal reflexes are secondary to the changes in blood pressure.
In the present study, the effects of tizanidine on spinal reflexes and blood pressure were studied, and it was shown that effects of this drug on the reflexes are due to CNS effects which are not secondary to peripheral changes in blood pressure.
MATERIALS AND METHODS

Recording of MSR and PSR
Male Wistar rats, weighing 300-400 g, were anesthe tized with urethane (1 g/kg, i.p.) and a-chloralose (25 mg/kg, i.p.) and then artificially ventilated. Both intact and spinalized preparations were used. In the case of the spinalized preparation, the bilateral vagus nerves were se vered at the cervical region to avoid any parasympathetic effect on the heart, and the spinal cord was transected at the C1 level. Laminectomy was performed in the lumbo sacral region. The ventral and dorsal roots below L4 were cut bilaterally, and the dorsal and ventral roots of seg ments L4 and L5 were isolated. A skin pouch was formed at the site of the dissection so that the exposed tissues could be covered with liquid paraffin kept at 36±0.51C. Rectal temperature was maintained at 36±0.5 C by a heat ing pad. The dorsal and ventral roots of segment L5 were placed on bipolar silver-silver chloride wire electrodes for stimulation (0.2 Hz, 0.05 msec, supramaximal) and recording, respectively. The reflex potentials were am plified (AVB-10, Nihon Kohden, Tokyo), displayed on an oscilloscope (VC-10, Nihon Kohden) and averaged 8 times by an averaging computer (DAT-1100, Nihon Kohden), the analog output of which was recorded by a recorder (FBR-252A, Toa, Tokyo). The amplitudes of MSR and PSR, which has a latency corresponding to the disynaptic reflex, were then measured (Fig. 1) . In intact rats, the amplitude of the MSR was 0.5 1.2 mV and that of the PSR was 0.2-0.5 mV. The PSR amplitude of the spinalized rats was lower than that of the intact rats. The latency of the MSR was 1.8 2.2 msec depending on the stimulating and recording sites of the roots, and the delay of the PSR peak from the MSR peak was 0.8 -1.0 msec.
Blood pressure
Blood pressure in the femoral artery was monitored with a transducer (model 800, Bentley Trantec, Irvine, CA, USA) and recorded on a polygraph (RM-25, Nihon Kohden).
Drug treatment
Rats were pretreated with several drugs. Hexamethon ium Br (10 mg/kg), idazoxan (0.5 mg/kg), phentolamine mesylate (2 mg/kg) and prazosin-HC1 (1 mg/kg) were ad ministered intravenously 10 or 15 min before injection of tizanidine-HC1 (0.1 mg/kg, i.v.).
Drugs
Drugs used were tizanidine-HC1 (Sandoz, Basle, Swit zerland), hexamethonium Br (Yamanouchi, Tokyo), idazoxan (Reckitt & Colman, Hull, Yorkshire, UK), phen tolamine mesylate (Regitin Injection, Ciba Geigy, Takarazuka) and prazosin-HC1 (Pfizer, Groton, CT, USA). Prazosin-HC1 was dissolved in distilled water. Other drugs were dissolved in physiological saline.
Statistics
Student's t-test (two-tailed) was employed to compare control values with treated values. When the population variances were unequal, Welch's procedure was em ployed. 
RESULTS
Effects of tizanidine in intact rats
In the previous study, 0.01 -0.3 mg/kg, i.v. tizanidine HCl inhibited the MSR, but higher doses of 1 and 5 mg/kg did not inhibit the MSR in intact rats. PSR was in hibited by 0.01 5 mg/kg tizanidine-HC1 (3). Therefore in the present study, 0.1 mg/kg tizanidine-HC1 was used to observe a consistent depression of both MSR and PSR. Tizanidine-HC1 (0.1 mg/kg, i.v.) caused about a 20% reduction in the amplitude of the MSR and PSR (Fig. 1,   A and B) without affecting those latencies. The effect of tizanidine on blood pressure was biphasic; tizanidine tran siently elevated (30 mmHg) and then lowered (25 mmHg) the mean blood pressure (Fig. IC) . The effects of tizani dine recovered to the control level 45 min after injection.
Effects of acute hypotension on the spinal reflexes were then studied. The ganglion blocker hexamethonium Br (10 mg/kg, i.v.), which cannot cross the blood-brain bar rier, alone reduced the blood pressure to about 50 mmHg (25 mmHg reduction) (Fig. 2C) . Hexamethonium alone did not reduce the MSR (Fig. 2A) . In the presence of hexamethonium, tizanidine effectively inhibited the MSR and the PSR (Fig. 2, A and B) . Because of the lowering of blood pressure, the hypertensive effect of tizanidine was facilitated by hexamethonium ( Fig. 2Q . Thus the depressant effects of tizanidine on the spinal reflex are not due to the hypotension produced by the drug.
Pretreatment with the a-antagonist phentolamine mesy late (2 mg/kg, i.v.) lowered the blood pressure to about 50 mmHg (25 mmHg reduction) (Fig. 3C ). However the MSR and the PSR were not reduced by phentolamine. In the presence of phentolamine, tizanidine effectively reduced the amplitude of the MSR and the PSR, but did not elevate or lower the blood pressure (Fig. 3) . These results suggest that hypotension or hypertension caused by tizanidine is not a causal factor in the depression of spi nal reflexes.
The a2-antagonist idazoxan (0.5 mg/kg, i.v.) alone in creased the MSR but did not affect the PSR or blood pres sure (Fig. 4) . In the presence of idazoxan, tizanidine did not inhibit MSR or PSR potential, and it did not lower the blood pressure (Fig. 4) . These results suggest that the inhibitory effect of tizanidine on the spinal reflex is due to its effect on central a2-receptors which modulate spinal reflexes and blood pressure. 
Effects of tizanidine in spinalized rats
The mean blood pressure of spinalized rats was around 50 mmHg. This low level is due to the reduction of descending facilitatory tone on the peripheral cardiovascu lar system. Tizanidine-HC1 (0.1 mg/kg, i.v.) transiently increased the MSR (Fig. 5A) . PSR was decreased gradual ly by tizanidine (Fig. SB) . Blood pressure was strongly elevated by tizanidine (90 mmHg elevation) (Fig. 5C ).
The effect of tizanidine on the PSR was not changed by pretreatment with phentolamine mesylate (2 mg/kg, i.v.) (Fig. 6 ), although the elevation of blood pressure was reduced strongly by phentolamine (25 mmHg elevation). These results suggest that the change in the PSR caused by tizanidine is not due to a transient increase in blood pressure.
The al-antagonist prazosin-HC1 (1 mg/kg, i.v.) abol ished the stimulatory effect of tizanidine on the MSR (Fig. 7A) . Pretreatment with prazosin caused a rapid and strong inhibition of the depressant effect of tizanidine on the PSR (Fig. 7B) . Elevation of blood pressure was in hibited by prazosin to a degree similar to that caused by phentolamine (Figs. 5C, 6C and 7C). These results sug gest that at the spinal cord level, tizanidine transiently in creases the MSR and the PSR, and then inhibits the PSR. 
DISCUSSION
In intact rats, tizanidine (1 mg/kg, i.v.) inhibited the MSR and the PSR, and it changed the blood pressure (Fig. 1) . The possibility has been considered that changes in the reflex amplitude caused by tizanidine are secondary to the change in blood pressure. The hypotensive effect of tizanidine was masked by pretreatments with hexametho nium and phentolamine (Figs. 2C and 3C) , both of which have apparent difficulty in penetrating the blood-brain barrier. The hypertensive effects of tizanidine were an tagonized by phentolamine (Fig. 3C) . In the presence of hexamethonium or phentolamine, tizanidine inhibited the MSR and the PSR in intact rats (Figs. 2A, B and 3A, B) . In spinalized rats, tizanidine transiently increased the MSR, gradually decreased the PSR and strongly elevated the blood pressure (Fig. 5) . Phentolamine decreased the elevation of the blood pressure caused by tizanidine (Fig.  6) . These results suggest that the changes in the reflex caused by tizanidine are independent of the peripheral change in blood pressure, and that the spinal reflex poten tials are relatively resistant to changes in blood pressure. Our previous study showed that prazosin but not phen tolamine inhibited the MSR-stimulating effects of methamphetamine, which releases noradrenaline from noradrenergic terminals (4), suggesting that phentolamine has difficulty in penetrating the blood-brain barrier.
The locus coeruleus, a large pontine noradrenergic nucleus which projects to many brain regions, also projects to the ventral horn of the spinal cord (5, 6) . Elec trical stimulation of the locus coeruleus facilitates the MSR in the lumbar spinal cord in cats (7, 8) and rats (9, 10) . MSR potentiation evoked by locus coeruleus stimula tion is blocked by chlorpromazine or phenoxybenzamine (7, 10) . Therefore, a,-adrenoceptors are involved in the MSR potentiation. In non-spinalized rats, in which there is an intact connection between the brain and the spinal cord, tizanidine (0.1 mg/kg, i.v.) depressed the MSR and the PSR (Fig. 1) , and the depression was blocked by the a2-antagonist idazoxan (Fig. 4) . In radio frequency lesioned rigidity, 4th ventricularly administered but not in trathecally administered tizanidine reduced the rigidity, and the reduction was blocked by the a2-antagonist piperoxane (11) . In a noradrenaline release study using anesthetized rats, tizanidine-HC1 (0.1 and 0.3 mg/kg, i.v.) and clonidine-HC1 (0.03 and 0.1 mg/kg, i.v.) inhibit ed the release of noradrenaline from the spinal cord, and the inhibitory effect of clonidine was antagonized by the a2-antagonist piperoxane (12) . These results suggest that tizanidine affects supraspinal a2-receptors and inhibits the spinal reflexes by reducing the tonically active noradrener gic facilitatory tone to the spinal cord. However, involve ment of imidazoline-preferring receptors in the effects of tizanidine and idazoxan cannot be excluded (13, 14) .
In spinal cord slices isolated from adult rats, motoneu ron excitability was increased by noradrenaline and cloni dine via a,-adrenoceptors, and in the presence of prazo sin, motoneuron excitability was decreased by a-agonists (15) . In spinalized rats, tizanidine slightly increased the MSR and inhibited the PSR (Figs. 5 and 6 ). In the presence of prazosin, tizanidine slightly inhibited the MSR and strongly inhibited the PSR (Fig. 7) . In a previ ous study, the inhibitory effects of tizanidine, clonidine and L-dopa in prazosin-treated rats were antagonized by the a2-antagonist piperoxane (16) . These results suggest that spinal a,-adrenoceptors mediate the enhancement of the MSR and PSR, that spinal a2-adrenoceptors mediate the slight depression of the MSR and profound depres sion of the PSR, and that a,-agonistic action is dominant in the effects of a-agonists on motoneurons.
In summary, tizanidine is considered to inhibit spinal reflexes by stimulating a2-adrenoceptors at both the supraspinal and spinal levels. The spinal reflexes are rela tively resistant to acute changes in blood pressure.
